Introduction
Nanotechnology is emerging as a rapidly growing field with its applications in industrial, biomedical and electronic applications. Nanoparticles of noble metals belong to the most extensively studied colloidal systems in the field of nanoscience and nanotechnology. Noble metals such as Au, Ag, Pd, Pt and Cu have been widely used for the synthesis of stable colloids which are useful in the areas of optoelectronics [1] , catalysis [2] , photothermal therapy [3] , surface enhanced Raman scattering (SERS) detection [4] and biological labelling [5] . Among several metal nanoparticles, gold nanoparticles (Au-NPs) have been considered an important area of research due to their unique and intense plasmon resonance in the visible range and their applications in biomedical field. Synthesis of Au-NPs by chemical methods leads to the presence of some toxic chemical species adsorbed on the surface that may have adverse effects in medical applications [6] . Due to the obvious disadvantages of the chemical reduction method, a biological synthesis method has been developed to obtain biocompatible, inexpensive and eco-friendly size controlled nanoparticles [7] . Biological route synthesis of nanoparticles has received much focused attention from researchers in order to elucidate the mechanism of synthesis. Nowadays bioreduction methods based on fungi, microorganisms and plant extracts are being attempted due to the ease of synthesis, environmentally benign nature and greater stability of nanoparticles [8] . In recent years, plant materials have been of special interest to the scientific community due to their eco-friendliness and are advantageous over other biological processes because they eliminate the elaboration of the process of maintaining cell structures and can also be suitably scaled up for large scale synthesis of nanoparticles [9] . Reduction of Au 3+ using plant extracts is advantageous since the phytochemicals have several medicinal properties which may aid in therapy and may be superior to polymer capped Au-NPs. Recently, the synthesis of Au-NPs has been reported using plants such as, Chenopodium album [10] , Ocimum sanctum [11] , Cassia auriculata [12] , Rosa hybrida [13] , Crocus sativus [14] , Rosa damascena [15] , Thuja orientalis [16] , Terminalia chebula. [17] Ankamwar et al [18] reported the synthesis of gold nanotriangles using tamarind leaf extract and studied their potential applications in vapor sensing. Govindaraju et al [19] demonstrated the β-glucosidase assisted biosynthesis of Au-NPs and this report also focused on the newly formed Au-NPs application on promoting the defensive mechanism of silkworm Bombyx mori. Banker et al [20] investigated banana peel extract mediated Au-NPs displaying efficient anti-microbial activity towards most of the tested fungal and bacterial cultures. Daizy et al [21] reported that Cassia fistula stem bark mediated Au-NPs are better hypoglycemic agents in the treatment of diabetes mellitus and its associated complications. Mukherjee et al [22] proposed that green synthesized gold nanobioconjugates using Olax Scandens leaf (Au-NPs-OX) could be used as alternative diagnostic and therapeutic approaches for cancer diseases. Kumar et al [23] reported that the physicochemical properties, biostability and blood compatibility evaluation of Au-NPs prepared from Zingiber officinale extract support its usage as vectors for the applications in drug delivery, gene delivery or as biosensors, where a direct contact with blood occurs. Fayaz et al [24] have reported that the synthesized gold nanotriangles using Maduca longifolia leaf extract can be easily coated in the glass windows which are highly efficient in absorbing IR radiations.
Genus Morus (mulberry) is one such example that consists of over 150 species; among them Morus alba L. is dominant [25] . Mulberry leaf (the leaf of Morus alba) commonly used in the silkworm diet, has been used in edible foods. Dietary mulberry (Morus alba) leaf exhibits a wide range of pharmacological effects such as anti-microbial antioxidant anti-inflammatory functions, activity against atherosclerosis and diabetes mellitus, neuroprotective functions and L-3,4-dihydroxyphenylalanine (DOPA) oxidase inhibition and antityrosinase activity [26] . It has a unique nutritional profile containing proteins, phenolics, flavonoids and anthocyanins that enhances its significance as promising nature's functional tonic [27] . The polyphenols contained in mulberry leaf also show the ability to inhibit cancer cell proliferation, invasion, and metastasis [28] . Also, mulberry leaves are rich in iminosugars such as the glucose analogue 1-deoxynojirimycin (DNJ), N-methyl-DNJ, and 2-O-α-D-galactopyranosyl-DNJ, DNJ being the most abundant and accounting for 50% of the mulberry iminosugars [29] . Since DNJ is believed to be the most bioactive agent (R-glucosidase inhibitor), dietary mulberry DNJ might be beneficial for suppressing abnormally high blood glucose levels, thereby helping to prevent diabetes mellitus. At present, various foodgrade mulberry products (i.e., teas, powders, and tablets) have been made commercially available in Japan and many other countries [30] . So far, there is no report on the synthesis of Au-NPs by utilizing the aqueous leaf extract of Morus alba. Hence, the present study involves the synthesis and characterization of mulberry leaf (Morus alba) mediated Au-NPs and evaluating the anti-bacterial effect of biosynthesized AuNPs in comparison to chemically synthesized Au-NPs and plant extract against human pathogens such as Staphylococcus aureus (gram-positive) and Vibrio cholera (gramnegative) bacteria.
Materials and methods

Materials
The mulberry (Morus alba L.) leaves (figure 1) were obtained from Sericulture Farmers Training Centre at Jayankondapattinam, Tamilnadu, India. Hydrogen tetra chloroaurate (III) hydrate (HAuCl 4 . 3 H 2 O) was purchased from Sigma-Aldrich Chemicals, Bangalore, India and used as-received. Nutrient agar for bacterial culture and Muller-Hinton broth and agar for anti-bacterial activity were purchased from Hi-Media, Mumbai, India. All other reagents used in the reaction were of analytical grade with maximum purity. All aqueous solutions were prepared using de-ionized water. All glasswares were cleaned with chromic acid followed by thorough washing with de-ionized water and then acetone for prior use.
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Preparation of leaf extracts
The fourth and fifth leaves from the apex of the healthy plants were plucked and washed with de-ionized water until no foreign material remained. The leaves were shade-dried for 5 days and ground into fine powder using an electrical blender.
The powdered samples were stored in an air tight container and protected from sunlight for further use. 10 g of leaf powder was taken and mixed with 100 ml of de-ionized water and kept in a boiling water bath at 60°C for 15 min. The extracts were filtered with Whatman filter paper no. 1. The filtered extract was stored in a refrigerator for further experiments as reducing agent and stabilizer.
Chemical synthesis of gold nanoparticles
Au-NPs with an approximate diameter of 20 nm were synthesized using the modified Turkevich method [31] . Briefly, 30 mL of 0.25 mM HAuCl 4 solution was added to Erlenmeyer flasks and heated to 80°C. Once a stable temperature was achieved, Au 3+ solution was reduced by adding 1.5 mL of 1% sodium citrate solution. The solution was maintained at that temperature until the solution turned ruby red, indicating Au-NPs had formed.
Biosynthesis of gold nanoparticles
For the biosynthesis of Au-NPs, the leaf extract (0.2, 0.4, 0.6, 0.8 and 1 mL) was added to a vigorously stirred 10 mL of 2 × 10 -4 M HAuCl 4 . 3 H 2 O and kept at room temperature to get the colloids gm 1 -gm 5 . For gm 1 the reduction was slow and completed in 36 h (approximately). The reduction rate is found to increase with increase in the quantity of the leaf extract. For gm 5 , fast reduction occurred as indicated by purple pink color of solution (figure 2) and the reaction rate was completed within 4 h. The resulting gold colloid is found to be stable for more than 2 months. Particle size (hydrodynamic diameter) and size distribution measurements of the biosynthesized and chemical synthesized Au-NPs were carried out using a Zetasizer, version 6.32 (Malvern Instruments Ltd) based on dynamic light scattering. Stability of biosynthesized nanoparticles was also determined by means of zeta potential analyser using a Zetasizer, version 6.32 (Malvern Instruments Ltd). The measurement of zeta potential is based on the direction and velocity of particles under the influence of known electric field.
2.5.3. Transmission electron microscopy. The size and shape of the particles were measured with high resolution transmission electron microscope (HR-TEM) using Phillips Technai G2 Fei 12 Model equipped with selected area electron diffraction pattern (SAED) operating at an accelerating voltage of 200 kV. A specimen for HR-TEM sample was made by placing a drop of suspension on a carbon coated copper grid and the excess solution was removed by tissue paper and allowed to air dry at room temperature for overnight.
2.5.4. Atomic force microscope. Atomic force microscope (AFM) was used to observe the surface morphology and size of the resultant Au-NPs. The sample was dropped onto new cleaved mica slices and dried overnight. AFM study of the Au-NPs deposited on mica slices was performed in a microscope AGILENT-N9445A series 5500 AFM.
2.5.5. X-ray diffraction. The crystalline characterization of the biosynthesized Au-NPs was conducted with on Bruker AXS D8 Advance X-ray diffractometer operating at a voltage of 40 kV and a current of 30 mA With Cu-Kα radiation (λ = 1.5420 Å). The scanning range (2θ) was selected from 30°to 80°at a 0.045°min −1 continuous speed. The crystallite domain size was calculated through the Debye-Scherrer's formula.
2.5.6. Fourier transform infrared spectroscopy. FT-IR spectroscopy measurements were carried out to identify the possible functional groups of leaf extracts for nanoparticles synthesis and stabilization. FT-IR spectra of the leaf extract and dried biosynthesized Au-NPs were mixed with KBr pellets and recorded with an Avatar 330 FT-IR spectrometer in the range of 4000−400 cm −1 . media. Approximately 7 mm diameter of well was made on Muller Hinton Agar plate with the help of gel puncture. The cultures were swabbed on test media with sterile cotton swab. 50 μL of both chemical and biosynthesized Au-NPs were inoculated to the well, and then the plates were incubated in incubator for 37°C for 24 h; the zones of inhibition were discussed.
Results and discussion
3.1. UV-Vis spectra of Au-NPs UV-Vis absorption spectroscopy is an important technique to determine the formation and stabilization of biosynthesized Au-NPs in aqueous solution. Colloidal solutions of biosynthesized Au-NPs show a very intense color, which is absent in the bulk material as well as for individual atoms. Color of gold colloid is attributed to surface plasmon resonance (SPR) arising due to the collective oscillation of free conduction electrons induced by an interacting electromagnetic field [32] . Figure 3 shows the UV-Vis spectra of Au-NPs formation using a constant HAuCl 4 concentration (2 × 10 −4 M) with various concentrations of mulberry leaf extract of (gm 1 ) 0.2 mL, (gm 2 ) 0.4 mL, (gm 3 ) 0.6 mL, (gm 4 ) 0.8 mL and (gm 5 ) 1.0 mL aqueous medium. The gradual color change from violet to purple pink color was observed during the reaction with varying concentration of mulberry leaf extract, which are characteristics of the SPR of different size of Au-NPs in solution. Initially, the maximal SPR peaks of Au-NPs showed a broadening in bandwidth of the peak with the decreased concentration of leaf extract (gm 1 is 0.2 mL and gm 2 is 0.4 mL). At higher concentrations, the SPR peak is shifted towards shorter wave length region which shows a decrease in particle size [33] . The broadening in SPR at lower concentrations was probably due to the damping of the SPR caused by the combined effect of an increase in particle size and shape of the Au-NPs in colloidal solutions. Also, at lower concentrations of the leaf extract, nanoparticles syntheses are not greatly favored due to the absence of sufficient biomolecules responsible for capping and efficient stabilization. Further, it is observed that SPR band becomes narrower and finally a sharp absorption peak occurs at 538 nm, which is characteristic of spherical nanoparticles. Thus, from the results it can be inferred that the concentration of extract plays an important role in determining the size distribution of Au-NPs. Figure 4 shows the UV-Vis spectra of the HAuCl 4 solution after the addition of 1 mL (gm 5 ) of mulberry leaf extract to 10 -4 M aqueous HAuCl 4 resulting in the color change to purple-pink color after 4 h of reaction. The color change in the solution indicates the formation of Au-NPs. Further, it can be observed that the reduction of gold ions reaches saturation after 24 h of reaction, and after that, only slight variations can be noted in the intensity of SPR bands. This result indicates the stability of the nanoparticles for 24 h.
Particle size and zeta potential measurements
The dynamic light scattering (DLS) analysis is used to measure the shell thickness of a capping or stabilizing agent Adv. Nat. Sci.: Nanosci. Nanotechnol. enveloping the metallic nanoparticles along with the actual size of the metallic core. Figure 5 (a) shows the particle size distribution of the biosynthesized Au-NPs using DLS measurements. The average particle size of the Au-NPs was found to be around 50 nm. DLS analysis showed the size distribution of chemical synthesized Au-NPs with maximum intensity at 23 nm ( figure 5(b) ). Zeta potential (ZP) values reveal information regarding the surface charge and stability of biosynthesized Au-NPs. Figure 5(c) shows the corresponding average ZP value (−16 mV) suggesting higher stability of colloidal Au-NPs. The rich source of proteins in the mulberry leaf extract may possibly be responsible for reduction of metal ions and efficient stabilization of biosynthesized nanoparticles [34] .
Transmission electron microscope (TEM) analysis
The size and shape of the biosynthesized Au-NPs was further confirmed by TEM analysis. Figures 6(a) and (b) showed that two different magnifications of nearly spherical Au-NPs were synthesized along with a few irregular shaped particles. The particle sizes distributed in the range of 15−53 nm, with an average particle size of 35 ± 6 nm synthesized ( figure 6(c) ). This large variation in particle size was due to the presence of Adv. Nat. Sci.: Nanosci. Nanotechnol. a few irregular shaped particles. The nanoparticles appear to be considerably smaller than the average particle size observed with the DLS analyzer, presumably arising from the dry state of the TEM measurements. Also, the large size of particles observed by DLS is due to the fact that the measured size also includes the bio-organic compounds enveloping the core of the Au-NPs. Crystalline nature of the Au-NPs is confirmed by the selected area electron diffraction (SAED) pattern (figure 6(d)) with bright circular spots corresponding to (111), (200), (220) and (311) planes of the fcc lattice of gold [12] .
Atomic force microscopy (AFM) analysis
AFM is an important biophysical technique for studying the morphology of nanoparticles and biomolecules. Figures 7(a) and (b) show the atomic micrograph of biosynthesized AuNPs with aerial and 3D topographical view of the topological structures. The particle size is in the range below 50 nm. From the topographical view, it is evident that most of the nanoparticles are spherical and have regular shapes. The results observed in TEM images (figure 6) quite agree with the AFM observations results.
X-ray diffraction (XRD) studies
The crystalline nature of biosynthesized Au-NPs was further confirmed by XRD measurements. Figure 8 shows a representative XRD pattern of the Au-NPs synthesized by the mulberry leaf extract after the complete reduction of Au 3+ to Au 0 . The intense diffraction peak was observed at 2θ values of 38.3°which was indexed to the (111) planes of face-centered cubic (fcc) gold crystals, respectively (JCPDS no. 04-0784). The absence of any other crystallographic impurities and peak broadening in XRD spectrum has confirmed the high purity of synthesized Au-NPs. The peak widths and shapes describe the deviation from a perfect crystal and make clear about the crystalline size if it is less than roughly 100 −200 nm. The width of the most intense reflection (111) peak was employed to calculate the average crystallite size using Debye-Scherrer equation. From the equation, the average crystallite size of Au-NPs found to be around 14 nm. The XRD pattern thus clearly shows that the Au-NPs formed by Adv. Nat. Sci.: Nanosci. Nanotechnol. the reduction of AuCl 4 − ions by Morus alba leaf extract are crystalline in nature.
Fourier transform infrared spectroscopy (FT-IR) spectroscopy
FT-IR measurements were carried out to identify the possible biomolecules responsible for capping and efficient stabilization of the Au-NPs synthesized using mulberry leaf extract. Curves a and b in figure 9 show the FT-IR spectra of bio- corresponds to the amine group stretching vibrations super imposed on the side of hydroxyl group [14] . The peak at 2920 cm -1 could be assigned to C−H stretching vibrations of methyl, methoxy and methylene groups [20] . The band observed at 1636 cm -1 is identified as the amide I and arises due to the carbonyl stretch vibrations in the amide linkages of the proteins. [32, 33] The band observed at 1385 cm -1 was assigned to C−N stretching [20] . The peaks at 1078 cm −1 and 1023 cm −1 are the characteristics of C-OH vibrations of proteins and -C−O−C bending mode, respectively. [33, 35] The band at 669 cm -1 might be the plane bending vibrations N-H groups of proteins [36] . The presence of secondary metabolites such as flavonoids, phenols, aminoacids and anthocyanins was reported in Morus alba leaf extract [27] . as compared to curve b in figure 9 and suggests that synthesized Au-NPs were stabilized by negatively charged aminoacid molecules.
Antibacterial activity of gold nanoparticles
In the present study, anti-bacterial activity of biosynthesized Au-NPs, chemical synthesized Au-NPs and aqueous leaf extract were tested against two human pathogens such as Staphylococcus aureus (gram-positive) and Vibrio cholera (gram-negative) at the concentration of 50 μl by well diffusion method (figures 10(a) and (b)). The diameter of inhibition zones (mm) around each well with biosynthesized AuNPs, chemical synthesized Au-NPs and aqueous leaf extract were represented in table 1. The Au-NPs synthesized by Morus alba leaf extract were found to be highest anti-bacterial activity against Vibrio cholera and moderate inhibition against Staphylococcus aureus. Chemical synthesized AuNPs exhibit very fair activity against Staphylococcus aureus and Vibrio cholera. The lesser anti-bacterial activity of aqueous leaf extract was found against Staphylococcus aureus and Vibrio cholera. The accumulation of gold ions on the negatively charged cell membrane of Vibrio cholera leads to conformational changes in cell membrane, which loses permeability control which in turn causes the cell death [37] . This result is possible due to difference in the structure of the cell wall between gram-positive and gram-negative bacteria. The cell wall of the gram-positive bacteria is composed of a thick layer of peptidoglycan, consisting of linear polysaccharide chains cross-linked by short peptides thus forming more rigid structure leading to difficult penetration of the AuNPs compared to the gram-negative bacteria where the cell wall possesses a thinner layer of peptidoglycan [38] . Biosynthesized Au-NPs, showed efficient anti-bacterial activity compared to chemical synthesized Au-NPs due to their capping agents (mulberry proteins) and it has great potential to kill the pathogens. From the present results, it is clearly evident that the higher inhibitory action of biosynthesized Au-NPs depends not only on size of the nanoparticles, but also on the capping agent (proteins) of the nanoparticles. The surface charge and chemical properties of NPs are determined by capping agents, which play an important role during NPs and bacterial interactions.
Conclusion
The present work reports a simple, novel and successful synthesis of gold nanoparticles using Morus alba leaf extract as a novel reducing and stabilizing agent of gold salts. UVVis spectral analysis confirmed the surface plasmon resonance of biosynthesized Au-NPs. The DLS HR-TEM and AFM images studies had shown that the synthesized Au-NPs have a size below 60 nm. Zeta potential value for biosynthesized Au-NPs was −16 mV indicating the stability of the nanoparticles. Crystalline nature of the nanoparticles is evident from bright circular spots in the SAED pattern and characteristic peak in the XRD pattern. From FT-IR spectra, it was found that biomolecules responsible for capping and stabilization of Au-NPs were water soluble proteins present in the mulberry leaf extract. Moreover, anti-bacterial activity of biosynthesized Au-NPs showed better activity towards gramAdv. Nat. Sci.: Nanosci. Nanotechnol. negative Vibrio cholera than gram-positive Staphylococcus aureus compared to chemically synthesized Au-NPs. The development of such plant materials mediated synthesis of Au-NPs can be used as a good therapeutic agent against human and veterinary pathogens and also for the successful development of drug delivery in the near future.
